found that the dehydrogenation of cyclohexane and cyclohexene to . . 2 3 benzene occurs at an appreciable rate only on stepped Pt surfaces~ -4 -the rate is almost an order of magnitude lower on a Pt (Ill) surface.
These experimental data poin_t to the plausible conclusion that step.
corner sites such as c 1 and c 2 are sites for breaking H-H and C-H bonds.
Other catalytic reactions of hydrocarbons, carried out on Pt surfaces, indicate the rate of cyclohexane hydrogenolysis to n-hexan~increases slowly with step density and rapidly with surface kink density.
The rates of n-hexane production per kink is almost an order of magnitude higher than that per step. Since the formation of n-hexane must be the result of C-C bond scissions, it seems that kinks are effective in breaking C-C bonds as well as C-H and H-H bonds.
In this paper, we construct a workable theoretical model corresponding to these catalytic bond-breaking reactions on Pt surfaces and present calculations which yield results consistent with the above experimental findings. The picture one has in mind for a typical H-H bond-breaking reaction at the Pt surface is as follows: a molecule approaches the Pt surface, at a certain distance X from the surface, it becomes energetically favorable to break the H-H bond and form two surface Pt-H bonds instead at catalytic sites on the Pt surface. Our theoretical calculations give the activation energy EA required for such a reaction to occur at each of the distinct surface binding sites shown inFig. 1: the sites S, c 1 , c 2 , K 1 , K 2 and K 3 . The initial state of the reaction when the H-H bond is still intact is described by a parabolic potential well of the H 2 molecule; the final state of the reaction after the H-H bond is broken and two surface (
The mean value~= 13.6 ev/A for Pt-H and Pt-C 1s probably a good approximation since (i) the three transition metals Ni, Pt, Cu have ' 8 . 9 . 10
proximal~ electron occupation -Ni (3d ) , Pt (Sd ) and Cu (3d ) and
(ii) the bond energies of NiH, Cui-!, Pt-H, Pt-C are quite comparable.
The dissociation energies of NiH and. CuH arc 3. I cv and 2. ~) cv respectively~bond energy bond length calculationWor Pt-H and Pt-C bond on a (111) surface yields the values 2.9 ev and 2.7 ev respectively.
(3) The parameter X in Fig. 2 is an Unknown. It is supposed to represent the separation of, say, the Pt-+1 2 and (PtH)-H systems along the reaction path. A reasonable guess is that it should be comparable to the bond lengths of the molecules involved in the reaction.
Intuitively, the larger the separation of the two potential wells X in Fig. 2 , the higher the resultant activation energy will be, provided all other parameters are fixed. However, X should p 1 ay very 1 itt 1 c role in determining the variation of the reaction activation energies from one specific geometric surface site to another, which is the main effect we seek to calculate; For the purpose of this calculation, we simply treat X as a phenomenological parameter, two values arc chosen for the calculation, one is the H-fl bond length -0. 74A; the other the geometric mean of the H--1-l and Ni-H bond lengths ---l. 04A.
At this point, one has all the data required to calculate the activation energy required for the bond scission to occur on a Pt(lll) surface site (i.e., S). 'fhc dat;r th:rt have been disuissed so far ;rr-c sununari zed in Table 1 . The calculated EA's are tabulated in Table 3 .
-12 -
II I • RESULTS AND DISCUSS ION
The results tabulatep in Table 3 C-H and H---1-f implies that the kink surface can catalyze the C--C bond scission reactions to an experimentally observable rate.
-14 -
In conclusion, by making drastic asstunptions and resorting to empirical parameters, we have been able to construct a workable theoretical model which allows us to estimate activation energies.
Our results confirm experimental ev:idence which identify atomic steps and kinks on Pt surfaces to be distinct catalytic sites. Our method has capabilities of calculating similar properties for other configurations, other metals and other reactions. tvblecular bond energies (from diatomic molecular dissociation energies)
H--l-1
4.47ev
Pt surface bond energies (site S in particular)
., to simplify the following expressions of the crystal field potentials. 16 --
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